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.„ f : nn relates to transmitting and 
The present invention relates* 
receiving apparatus and particularly to apparatus for 
9 tran Sm ittin P /infor m ation by means of electromagnetic 
fields in free space and for receiving such 
information^^^ and receivers lo y 

a wide range of antenna types- Different types of 
10 ant nna may be used depending on the requirements of 
10 Transmitting and receiving system. Fo, : example, 
line of sight transmission between two fixed points 
may employ narrow beam transmitting and receiving 
Tntennae/such as dish antennae (for UHP 
15 frequencies) . and multi element arrays for UHF and 
lower frequencies. In other applications, 
omXdirectional antennae are required, for example 
Z ^oZl communications and for radio positions 
<=v<5 terns using fixed beacons. 
20 7 "ere is also a requirement in some systems for 
20 antennae to be operable over a relatively broa band 
of frequencies. Apart from military applications 
generally, there are increasing applications for 
spread spectrum transmission systems for which wide 
25 band antennae may be highly desirable. 

A further requirement of antennae systems 
especially those which are required to be portable, is 
that they be as small and compact as possible. 

U S Patent No. 5734353 discloses a contra wound 
30 toroidal'helical antenna made from a single continuous 
Lnductor divided into two length portions each of 
whi 1 are substantially the same length and which have 
a generalised helical pattern. The helical pitch 
senses in the two length portions are opposite one 
' 35 another. The two length portions are insulated from 
35 one another and overlap one another on ^.-ur^f 
a generalised toroid former. The antenna is said to 
have vertical polarisation with a radiation pattern 
similar to an electric dipole, but in a physical 
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package that is ^^J^Z'^™ is 

structures are discioseu 

4751515 and 4622558. 
The present invention provides apparatus for 

« =^ei;r^^ 

a super-toroidal conductor including a length of 

, „„„ , „ electrical signal generator 
conductor 1, an ele^ al sig „ als ^ing at 

controllable to P,od ^ ^ ^ ^ M/1 

25 least a selected freque y ^ 

™i: si" "eccrtcal signals frc said generator 
to energise — /orbing the^^ 

iaunched by the antenna in accordance with the 

in£ -ii:t :\TJ^r^ ~— ~. » ~« - 

the a ^e»entio„ed prior art specifications is one in 

whlc^n/w^ngs o<\ toroidal helical conductor are 
twelves constituted as helical winding.. » a 
£ irst order super-toroidal winding, the conductor of 
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t he toroidal T7 l^ * £ coScS thich i- 

rder super-toroidal the conducto r of the 

euner- toroidal wmdxng is repiacea »y 

£!ng helical in fern, should be construed as 
Terences also to other bindings providing a 
10 generally poloidal form. 

Energising an antenna in the for. of a 
sup er-toroidal conductor as « «^ *'een1ound 
relatively high resu ts in the field 

t o provide *^ M l*^ £ ^J n b y electromagnetic 

fields, in ' antenna tos te en found to 

^X-e ^ hroa: band characteristics, extendi,* 
have extremely h fr equen=y. Furthermore, 

over at least one aouc » _«.. r .roroidal conductor 
20 „ antenna in the ^ •J^ oi . dlrMtiBMl in 

rir^ Parallel to the ,lan< , o, = the -us . 
but also provides substantial emission in direction 
parallel to the major axis of the torus, i.e. . 

« perpendicular to the azimuthal plane. 

" P The invention also provides apparatus for 

receiving from* alistant 

antenna in the 
:T e of a su^orotdal conductor having a length of 
30 c^uctcr Te receiver controllable to receive 
electrical signals having at least a selected 
f requency which is not less than where = is the 

speed o/light in free space, a coupler ~ c :oupl. 

, - A t^ m the receiver, electncaJ. siyn« 
-5 c from the antenna to tne j-c^ 

produced in the antenna due to information with 
electromagnetic fields carrying the transmitted 
information, and a detector for detecting the 
information from the electrical signals. 
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Examples of the invention will now be 
with France to the acceding drawls , — 

- e ia and lb are schematic views of a 
^^Tara^or winding in the plane o £ the 
5 to™, and along the major axis o £ the torus 

teSPe ri^e y ; is a view of part of the torus of the 
winding ^ure 1 illustrate a super-toroid of 



20 



seconder; ^ ^ ^ ^ ^ o£ ^ ^ of . 

emission efficiency of a super-toroidal antenna of 
second order ^ ^ tn 

emission efficiency of a super- toroidal antenna of 

third order; 

Figure « is a block schematic diagram 
iUuscrating-^-transmitter embodying the present 

^""iouie ^ a block schematic diagram 
illuscratini-rreceiver embodying the present 

inVen super-toroidally wound conductors have been 
■Z* in wo 95/03850. This specification 
25 atlases "per-toroidal windings of various orders 
deluding second and third order windings, in 

"Lrials" in fact the specification nowhere 

violates using such devices for the transmission 
35 Tr recede ion of Ration by gating infor^t.on 
at a transmitter and by detecting the transmitted 

information at a receiver. w -- en t 
in accordance with an embodiment of the P^nt 
invention, a second order super- toroidal conductor as 
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iUuscrated in Figures 1 and 2 is used « . the 

^ a radio transmitter tor 
transmitting antenna o. a radio Referring 
sending information to a remote receiver 
Jo Figure 6, the transmitter may compr.se an rfi 
nerator or a pulse generator 10 supplying radio 
5 fZ ncy Us or electric pulse signals to a 
!odSator 11 The modulator 11 modulates or 

f^ns the signals from the generator 10 in 
transforms the sig transmicte d supplied to the 

accordance with data to he ^ transf ormed 

energise the super-toro idal ~ ^ 

In accordance with a reacure w r .,* a1 

invention, the transmitter using the super-toroiial 

energised at frequenc 

induced around the circumference of the torus 

• rhe same direction around the 

instant in time has the same ai 
rorus at all points around the torus- This is 
torus at ai p toroidal helical antennae 

25 necessary if the prio^ at e£fect of a linear 

are - substantially ^^^^ of 

rS^^rtl- - -nerator 10 is arranged 
To produce radio frequency signals at frequencies 
30 ^antially higher than those which could joduce a 
uniform circumferential magnetic field around the 

torus at any time. . ^ 

ti- Has been found that at such higher 

IZ sucer-toroidal antenna embodying the 
frequencies, th ^ ^ broad band attributes. In 

" Td":" n e h nna Ts'not only «i -directional in 
^e ILLl plane of the ton- of the antenna but 
oroduces substantial transmission m directions 
parallel to the major axis of the torus. 
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^onriate lower limit for the frequency of 

^ ^ he supplied to the super -toroidal antenna 

of"! urr, s tS frequency at which the wavelength 

f space of electromagnetic radiation would be 

111 I t iZll length of the conductor forming the 
5 half the total lengt^ ^ & ^ Qrder 

sup er-toroida a conduCtor length of 20 

iTower iLdt of 30 MHZ, and preferably extends to 
a lower x d even to several GHZ. 
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T 0 ndu«or len 9 th o £ 2X0 -res could be use, down to 

^^'illustrates a receiver «- 

m Piaure 7, electromagnetic 

circuit 17. The rece frequencies higher than 

rprpived signals so as to ^uv C 

si^s Vdaca being transmitted from * , remote 

source and supply this data on an °^ ut ^second 
Figure 4 illustrates the performance o£ a second 

order ^-toroidal antenna 

^^zzz Lrstrtoroidai 

e^ss.on ef^ciency ^ ^ m o£ u>> 

"f "he antenna, 'over freouencies ran 9 i„ 9 from 
Tero to several GHZ . The fine solid line 21 ,n the 
ftaure is a plot of the emission efficiency of the 
Intenna !n d Lections parallel to the maior axis of 
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* further plot 22 of the 

emission efficiency o 

is ^ £ «-x r r a ;:r c p h r«r S s ion 

Fi9Ur : £ \ border super-coroida! antenna, In 
5 frequency of at" ^ che emis31cin 

Chi, Figure ■Jf *™ ^ in direccio ns parallel to 
effic.ency ^J** "^^ che hea vy line 3! plots 
th e plane of ^ directions parallei t, the 

the emission efficiency xi 
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^nTi^t riuper-toroiaal antenna^* is 



illus "a eHs coupled -re=t connection to. 

of the conductor forming the 

" ^ U fe "lafe: ^ ^connections - ? 
rt Zl 'ettnts around the «™ 

rre"r h :%re^r r£ ee d in 9 or 

receiving circuitry as winding of 

Rather than a continuous helix, ™ ™ 9 

sections which may ce 

?-> the antenna may be formed m section 

tocether or separately energised. The 
C °T IvTlso L formed using double or multiple 
winding may also be ^ 

«*ir^ - - To:;:" as 

30 termer of the ^^^^ ^ 

.evolution topology, 
section, but has che winding o£ the 

FUrt m h a; r hav e e d erent sign at different levels 

■■ 35 ~ toroidal ^^^^^ 



